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OBSTETRICAL IMPLICATIONS OF SEXUAL DIMORPHISM 
IN HOMINOID OS COXAE 
STEPHANIE COSTA 
ABSTRACT 
Many studies have examined pelvic sexual dimorphism and its functional 
implications in linear analyses, but few have used three-dimensional (3D) 
methods, which are ideal for complex structures such as the pelvis. This study 
examines human and ape os coxae using 3D geometric morphometrics (GM) to 
determine if patterns of sexual dimorphism relate to obstetrical and/or 
biomechanical requirements. Twenty-five 3D landmarks were collected on 35 
human and 116 hominoid os coxae. Generalized Procrustes and principal 
component analyses were performed on combined and sex-specific species 
samples. Tests of male and female human os coxae demonstrate dimorphism in 
several pelvic traits related to increasing birth canal dimensions in females; 
females have a wider subpubic angle and greater sciatic notch than males, as 
well as a short ischial spine.  Hominoids, however, did not exhibit sexual 
dimorphism in pelvic shape. These results confirm previous studies showing that 
human pelvic shape dimorphism is related to the obstetrical requirements of 
birthing a large fetus, rather than sexual dimorphism in locomotor biomechanics. 
Future 3D GM research on other primate species that have large neonates 
relative to maternal size may determine whether the primate pelvis exhibits 
similar patterns of response to obstetrical selection pressures as in humans. 
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1 
INTRODUCTION 
 
The pelvic bone is one of the most sexually dimorphic regions in humans, 
with varying functional implications. Most pelvic differences between the sexes 
are related to creating a wider pelvic inlet in females for obstetrical reasons 
(Rosenberg and Trevathan, 1995; Betti, 2014). However, it is unclear if some of 
these differences are solely related to obstetrics, or if they may play a role in 
other functions, such as the biomechanics of walking and running. This study 
aims to identify the sex and size differences between human and great ape 
pelvic bones, and determine their functional implications. This study is the first to 
use three-dimensional (3D) methods instead of relying on univariate techniques.  
 
Human Sexual Dimorphism of the Pelvis 
 Sexual dimorphism is any difference in morphology between males and 
females of the same species (Darwin, 1871). Sexual dimorphism can include 
differences in body size structure, coloration, etc. In terms of a sexual 
dimorphism related to body structure, an example would be that females have a 
notably wider pelvic canal in many species. Studying these differences between 
males and females can provide interesting information. Some studies have 
looked at sexual dimorphisms in terms of social status. In non-human primates 
such as baboons and mandrills, males have larger canines than females 
because of mating competition (Leutenegger and Kelly, 1977).  In the current 
study, sexual dimorphism is important because it may provide insight into the 
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different functions of the pelvic region in humans. One function is that only 
females give birth. However, another function may be that females have different 
biomechanical requirements of locomotion than males, given that they have 
wider hips than males (Cutting, Proffitt, Kozlowski, 1978). This raises the 
question of whether sexual dimorphism in the human pelvis is primarily related to 
birthing requirements or biomechanical ones.  
 Many studies have tested the hypothesis that sexual dimorphism in the 
human pelvis is related to birthing (Badyaev. 2002, Betti, 2014.). Humans give 
birth to large infants compared to primates and other mammals (Schultz, 1949; 
Correia, Balseiro, Areia. 2005), and it is believed that the structure of the pelvis is 
responsible for the successful birth of these large infants. The pelvis is composed 
of three bones that fuse together during development: the ilium, ischium, and 
pubis. The bony pelvis is also separated by the inlet, or brim, into two parts: the 
false and true pelvis. The false pelvis is above the brim and does not have a 
significant function in birthing. The true pelvis is below the brim, between the 
pelvic inlet and pelvic floor, and has an intimate role in childbirth. This bony birth 
canal is made up of three planes, which are the inlet, midpelvis, and outlet. The 
pelvic inlet is the upper border of the true pelvis, while the outlet is the lower 
border. The midpelvis, or pelvic cavity, is bounded by the posterior part of the 
symphysis pubis, the ischium, ilium, sacrum, and coccyx (Lowdermilk, 2010). 
Figure 1 below demonstrates the different angles and features of the human 
pelvis. 
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Figure 1. Female and male pelvic bone comparisons, showing the 
differences in some angles, such as the greater sciatic notch and subpubic 
angle. Adapted from University of Gadjah Mada student blog, 2010.  
 
 Numerous studies confirm that the female pelvic structure helps in the 
process of birthing large infants (Walrath 2003, Rosenberg and Trevathan 2002). 
The mechanics of birthing, fetal rotation and the direction of the emergence of 
the newborn also allow humans to deliver large babies. The head and torso of 
the neonate rotate to fit through the bony birth canal, and when they emerge it is 
in the occiput-anterior position, which is facing away from the mother 
(Rosenberg, Trevathan 1996). Rotation of the head and torso must occur 
because of the large size of the fetal head in relation to the pelvic canal. The 
larger back of the neonate’s head moves to come in contact with the pubic 
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symphysis, and then rotates around it. This rotation allows for the smallest 
diameter of the head to pass through the pelvis first. The occiput-anterior position 
takes advantage of the angles of the pelvis during childbirth by allowing the 
neonate’s back to arch to fit the curves of the pelvis. The widest part of the 
infant’s head also fits into the widest part of the pelvis. This mechanism, in 
combination with the anatomy of the female pelvis, aids in childbearing.  
 Although the above mechanisms aid in childbirth, some features of the 
pelvis can hinder it, posing the idea that they serve other functions. The ischial 
spines that protrude into the pelvic midplane can present a challenge in birthing, 
given that they create the narrowest part of the birth canal (Trevathan 2015). 
Women with spines too far apart are at risk for disorders such as pelvic organ 
prolapse, but closely spaced ones make birthing more difficult. The ischial spines 
play a negative role in birthing, suggesting their existence serves another, more 
beneficial, purpose.  
 Another hypothesis for the implications of sexual dimorphism in the human 
pelvis focuses on locomotor biomechanics of walking and running. As an 
adaptation for childbirth, females have wider hips than males to accommodate a 
large neonate. Studies show that although females have wider hips, their 
locomotor efficiency is not compromised because of it (Warrener, et. al, 2015). 
However, there may be shape and size dimorphisms between males and 
females based on locomotor biomechanical function. The false pelvis, which is 
above the bony birth canal, includes the ilium, which functions in stabilization 
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(Barrett, 2008). Possible changes in the shape or size of the ilium between males 
and females may be related to the way each sex walks and runs. In relation to 
non-human primates, humans have a much shorter ilium because of bipedalism 
(Lovejoy 1988). Having a shorter ilium shortens the torso and brings the trunk 
closer to the hip joints, reducing exhaustion of the gluteal muscles. Lovejoy’s 
study also states that humans have outward flaring ilia to provide a wider lateral 
attachment for the abductor muscles that stabilize the bipedal pelvis when on 
one leg.  
  It is known that females have a larger ratio of hip width to femoral length 
than do males, which may increase hip adduction (Chumanov, 2008).  This wide 
pelvis can influence the joints below the pelvis and result in a greater knee joint 
valgus in women. These anatomical differences are believed to influence walking 
and running mechanics in males versus females. A study showed that while 
walking, females have greater hip flexion and less knee extension before initial 
contact and greater knee flexion pre-swinging of the legs, compared to males 
(Kerrigan 1998). This greater valgus angle in women also makes them more 
prone to knee injuries, such as anterior cruciate ligament (ACL) tears (Russell, 
2006). Russell (2006) demonstrated that during a single leg landing women land 
in knee valgus when their leg makes contact with the ground, in contrast to men 
who tend to land in knee varus. This tendency for women to stay in a greater 
valgus angle could explain why they are 2 to 4 times more likely to suffer ACL 
injuries. Although studies have found clear anatomical and biomechanical 
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differences in the lower extremity between males and females, few have 
expanded these investigations to the pelvis to determine whether morphological 
differences in the pelvis play a role in obstetrics, locomotor biomechanics, or 
both.  
 
Great Ape Sexual Dimorphism 
Although most studies suggest that the above sexually dimorphic traits are 
due to obstetrical requirements, this study also aims to see if there are other 
functional implications, such as biomechanics. In both great apes and humans, 
the birth canal has an inlet, midplane, and outlet. In non-human primates, these 
planes are longer in the antero-posterior direction, while in humans, the inlet and 
outlet are perpendicular to each other (Rosenberg and Trevathan, 2002). In 
addition to these pelvic differences, humans have large neonates, and therefore, 
it can be inferred that their wide pelvic canals serve obstetric purposes (Correia, 
2005). Great apes have smaller neonates in relation to their overall body size, 
which would suggest that females do not need wider pelvic inlets than males 
(Rosenberg and Trevathan, 2002). Humans have infants approximately 6% of 
their body mass, while apes have infants 3% of their body weight (DeSilva, 
2010).  
Besides humans and great apes, other monkeys and non-human primates 
have both large neonates and sexual dimorphism of pelvic dimensions. Modern 
chimpanzees birth infants with brains that have a volume of about 145.7 cc, 
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australopithecines with 179.8 cc, and humans with 367 cc brains (Trevathan, 
2015). These numbers show that, relative to their body size, these species birth 
infants with large brains. Other monkeys, such as the Saimiri sciureus, or the 
squirrel monkey, have the largest newborn head size relative to the size of the 
birth canal (Gingerich, 1972). These females also have pelvic features that are 
different from males, such as a long, narrow pubis, and concave ischiopubic 
ramus border, allowing the large brained neonate to pass through the birth canal.  
 In regards to biomechanics, studies show that humans have a laterally 
flared iliac blade, a large iliac tuberosity, and a small auricular surface (Ruff, 
1995). In the great apes, there are small findings that Pan troglodytes and Gorilla 
gorilla have an increased ilium height (Lovejoy, 2009). This increase in ilium 
height and laterally flared iliac blade involve structures above the pelvic canal 
and would increase the dimensions of the pelvis, therefore relating to locomotor 
biomechanics. Understanding which functional implications sexual dimorphisms 
serve, if any, is still being studied, and will be questioned in this study. 
 
Geometric Morphometrics 
In the late 1940s, numerous methods were developed to determine the 
sex of humans using only the pelvic bone. Washburn developed the ischium-
pubis index, which divides the length of the ischium into the length of the pubic 
bone (Washburn, 1948). Using this method, the study was able to sex 90% of 
their skeletons and, by documenting notable sex differences in the subpubic 
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angle, pubic symphysis, obturator foramen, and inlet diameters of the pubic 
bone. Specifically, the subpubic angle is wider, symphysis shorter, and obturator 
foramen more triangular in females. There are smaller sex differences in inlet 
diameters, with the lower ilium and sacrum diameters slightly wider in females. 
The sciatic notch is also larger in females, and is a successful indicator of sex on 
its own.  
Further studies used linear analysis methods to further explore sexual 
dimorphism in the pelvis. These studies demonstrated that females have larger 
pelvic canal dimensions and a wider subpubic angle (Kurki, 2007). These studies 
also confirm that female sciatic notches are wider than in males and have a 
difference in shape. In males, the greater sciatic notch is narrow and U-shaped 
(Walker, 2005). Although linear analyses are sufficient in determining sexual 
dimorphisms, they are unable to capture the shape variation that 3D methods 
can.  
Three-dimensional landmarks can show the exact areas of shape and size 
differences in the pelvic bones of males and females that linear analyses cannot. 
Geometric morphometrics (GM) are found to be more consistent and can retain 
the geometry of the object, an advantage linear analyses do not have. Some 
studies have used this geometric morphometric approach (Kimmerle, 2008; 
Bytheway, 2010), and have confirmed that the pubis, ilium, and ischium are 
sexually dimorphic, and that females have an increased pelvic inlet diameter. It 
has also been confirmed that using geometric morphometrics for sex 
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determination is a reliable method, accurately sexing about 90% of individuals 
(Gonzalez, 2009). These 3D geometric morphometric methods are useful as they 
allow for observation of subtle differences among pelvic structures, and will be 
used to further sexual dimorphism knowledge in this study.  
 
This study examines human and ape os coxae using 3D geometric 
morphometrics (GM) to determine if patterns of sexual dimorphism relate to 
obstetrical and/or biomechanical requirements. Some differences between 
females and males are already known, such as a wider subpubic angle. This 
study will expand on the current knowledge by using 3D models to assess any 
other, as yet undocumented differences. Showing shape variation through 3D 
methods will attempt to answer these questions without using the conventional 
linear method. In regards to humans, it is hypothesized that sexual dimorphism 
will result from differences in dimensions of the birth canal, such as the greater 
sciatic notch and subpubic angle, to increase birth canal size in humans. 
Differences in measures assumed to be related to locomotor biomechanics, such 
as ilium width, height, and larger pelvic angles, should not differ in humans. For 
the great apes, it is hypothesized that they will not exhibit marked sexual 
dimorphism of either the birth canal or aspects of pelvic shape related to 
locomotion.  
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METHODS  
 
Sample 
The study examines the right os coxae of humans and various great apes. 
A sample of 35 human os coxae of documented sex was selected from Hamann-
Todd Osteological Collection at the Cleveland Museum of Natural History. The 
great ape sample (n=116) included 116 great apes with 20 Gorilla gorilla, 11 
Hylobates hoolock, 23 Hylobates lar, 34 Pan troglodytes, 16 Pongo pygmaeus, 
and 9 Symphalangus syndactylus.  
 
Landmarks 
Twenty-five landmarks were identified on all 151 pelvic bones (Table 1). 
The landmarks were collected using a Microscribe G2X point digitizer. Landmark 
identification was based off of Bookstein, 1991, with each landmark being 
categorized as Type I, II, or III. Type I landmarks are clearly and locally defined. 
They are the most accurate and optimal types of landmarks. Type II landmarks 
are located at a local minima and maxima of curvature. These are still accurate, 
but can be problematic, due to variation in accurate measurements. Type III 
landmarks are not defined by any structures near the point. These landmarks are 
described in relation to another landmark. The data set contains landmarks of 
each type, with predominately Type II. 
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Table 1: 27 Three-Dimensional Landmarks and their Definitions 
Number Landmark Definition Type 
1 Lateral extent of iliac crest Lat-most extent of iliac crest II 
2 Anterior Superior Iliac Spine Ant-most point of the lat extent of the iliac crest II 
3 Anterior Inferior Iliac Crest Ant-most point on the ant inferior iliac spine II 
4 Lateral Ilium Lat-most point on the lat aspect of the iliac margin III 
5 Posterior Superior Iliac Spine 
Superomedial-most point on the posterior iliac 
crest II 
6 Inferior auricular surface Inferior-most extent of the auricular surface II 
7 Dorsal Ilium Dorsal-most point on the dorsal aspect of the lower ilium; directly across from Landmark 4 III 
8 Ischial Spine Dorsal-most projection of the spine located on the post ischium II 
9 Ischial Tuberosity Dorsal-most point on the posterior ischium II 
10 Superior Acetabulum 
Point on the superior rim of the acetabulum that 
marks the intersection of the iliac margin and 
acetabulum 
III 
11 Inferior Acetabulum Point on the inferior rim of the acetabulum directly across from Landmark 10 III 
12 Cranial horn of lunate 
Medial-most point on the cranial horn of the 
lunate surface II 
13 Caudal horn of lunate 
Medial-most point on the caudal horn of the 
lunate surface II 
14 Mid-acetabulum Center of the acetabulum III 
15 Lunate 1 Point on the inner rim of the cranial lunate across from Landmark 10 III 
16 Lunate 2 Point on the internal rim of the dorsal lunate surface in line with Landmark 14 III 
17 Lunate 3 Point of the outer rim of the dorsal lunate across from Landmark 16 III 
18 Lunate 4 Point on the inner rim of the caudal lunate in line III 
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with Landmarks 10 and 11 
19 Lunate 5 Point on the outer rim of the caudal lunate at its maximum width; across from Landmark 18 III 
20 Ischium 
Distal-most point on the ischium that forms a line 
with the center of the acetabulum parallel to the 
long axis of the ischium 
III 
21 Superior Pubic Symphysis Superior-most point on the pubic symphysis II 
22 Inferior Pubic Symphysis The inferior-most point on the pubic symphysis II 
23 
Superior 
Promontory of 
Sacrum 
Ventral-most point on the midline of the sacral 
promontory II 
24 Transverse Pelvis* 
Point on the arcuate line that makes up the max 
distance between the arcuate line of the 
opposing os coxa 
II 
25 Medial Ilium 
Medial-most point on the medial aspect of the 
lower ilium; taken directly across from 
Landmarks 4 and 7 
III 
* From Tague, 2005 
 
 
Geometric Morphometric Analysis 
Before size and shape differences could be observed, the raw data had to 
be organized into a common coordinate system using Generalized Procrustes 
analysis. Procrustes analysis scales, rotates, and translates three-dimensional 
landmarks, allowing each individual to be compared to all of the other individuals 
in the same coordinate system. This creates a common reference, also known as 
the mean shape, to which all individuals can be compared. The purpose of 
Procrustes analysis is to make the landmark configurations comparable by 
putting them in the same coordinate system, which was done using both 
Morphologika and MorphoJ programs. 
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After completed Generalized Procrustes analysis, principal component 
analysis, or PCA, was used. PCA is performed when measures are obtained on 
a number of variables and need to be developed into a smaller number of 
artificial variables, or principal components (PC), which account for most of the 
variance in the observed variables. PCA analyzes the data to identify patterns of 
variance in order to reduce the dimensionality of the data. Performing PCA 
produces graphs of PC1 and PC2, and all other principal components from the 
data set, which can be used to interpret if there are sexual dimorphic traits in the 
sample.  
Two different computer programs were used to analyze the data. MorphoJ 
and Morphologika were both used to perform Procrustes analysis and PCA. 
Morphologika, however, generated a wireframe of the data points that could be 
manipulated. A sliding vector scale on the PCA’s graph was used to visualize 
which parts of the pelvis change shape as you move across the PCA axes. 
Sliding the cursor along either the X or Y-axis manipulates the wireframe model 
to show how the shape of the pelvis changes across any principal component.   
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RESULTS 
Principal component analyses of humans will be discussed first, including 
the females, males, and both sexes combined. Then, the great apes will be 
discussed, followed by the humans and great apes combined.  
 
Principal Components Analysis of Humans  
Female and male Homo sapiens os coxae were analyzed separately 
(Figures 2 and 3) and together (Figure 4) using Generalized Procrustes and 
Principal Component Analyses. The analysis of female os coxae shows the main 
shape changes in the first two principal components, which account for 37% of 
the total shape variation (Figure 2). Table 2 also indicates the percentages of 
variation explained for all PCs. Shape changes along PC1 and PC2 were 
examined using the wireframe model and the X and Y-axis warp factors on the 
PCA model in Morphologika 2. All observations were read across each PCA from 
negative to positive. Principal component one accounts for 22% of the total 
shape variation. Across PC1, the pubic symphysis becomes elongated and the 
acetabulum narrow mediolaterally. The greater sciatic notch was notably wider, 
and as it became wider, the subpubic angle became larger. Across PC2, which 
explains 15% of the total variation of the sample, the greater sciatic notch angle 
becomes narrower. The ilium was wider in the mediolateral direction and the 
ischial spine did not protrude much.  
Continuing with the female analysis, principal component’s 3-7 are also of 
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importance, with PC7 contributing a cumulative explanation of 79% of sample 
variation. PC3 remained consistent with the changes in PC1, with a larger 
greater sciatic notch, bigger subpubic angle, and a rectangular, elongated pubis. 
PC3 accounts for 11.6% of the variation, while PC4 accounts for 9.9%. Across 
PC4, the ilium becomes slightly longer in the superoinferior direction, the 
subpubic angle is larger, as well as the greater sciatic notch. Moving to principal 
component five and six, only 7.9 and 6.6% of the variation is accounted for, 
respectively. Across PC5 and 6, the pubis shortens in the mediolateral direction, 
but all other changes are the same as in PC3 and 4. The last PC that explains 
substantial variation in the sample is PC7, accounting for 5.7%. Across this 
principal component, the ilium gets shorter superoinferiorly, and the pubis 
enlarges in both directions.  
The analysis of male os coxae demonstrated very subtle shape changes 
in pubis morphology, ischial spine shape, and ilium width. Figure 2 shows the 
changes across PC1 and PC2, which account for 31% of the total shape 
variation. Across PC1, there are slight changes, such as the ischial spine 
protruded less into the pelvic canal. PC1 accounts for 17% of the total variation. 
Principal component two explains 15% of the variation and shows a slightly 
smaller greater sciatic notch angle and larger subpubic angle. Principal 
components 3–6 show similar variations to those across PC1 and PC2. PC3 
accounts for 13.3%, PC4 11.1%, while PC5 and PC6 account for 8% and 6.6% of 
the sample’s variation.  
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The results of the analysis of combined male and female data is 
demonstrated in Figure 4. PC1 alone accounts for 18% of the sample’s variation. 
Across PC1, the greater sciatic notch is smaller and the os coxa is generally 
narrow mediolaterally. When looking across PC2, which explains 12% of the total 
variation, the ischial spine becomes less prominent and there is a smaller 
subpubic angle. The greater sciatic notch also has a narrower angle, and the 
pubis is elongated mediolaterally. Principal components 3–6 show similar 
variations to those across PC1 and PC2. PC3 accounts for 9.5%, PC4 9.0%, 
while PC5 and PC6 account for 6.7% and 5.8% of the sample’s variation. 
 
Principal Components Analysis of the Great Apes 
 All of the great apes were analyzed together using the same analyses 
used for the human sample. Similarly, these changes will be noted in the 
negative to positive direction. The PCA graph expressed 84% of the total 
variation of the sample, seen in Figure 5. Principal component one shows a wider 
ilium mediolaterally, a smaller subpubic angle, and a small greater sciatic notch 
angle. A longer, straighter, and mediolaterally narrow ilium is present across 
PC2, as well as an elongated os coxa and greater subpubic angle. PC1 accounts 
for 54%, while PC2 accounts for 8%, which can all be seen in Table 4. Similarly, 
the Hylobates lar and Pan troglodytes have a short pubis mediolaterally and a 
narrow ischium. Hylobates lar and Hylobates hoolock have long and narrow os 
coxa and a small acetabulum. Pongo pygmaeus has a shorter ox coxa than the 
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Pan troglodytes and Hylobates lar and hoolock.  
 Principal component three and four also provide insight into the variation 
of the sample. PC3 accounts for 7.6% of this variation, and moving from negative 
to positive across the axis, shows an elongated and narrow ilium, small subpubic 
angle, and larger greater sciatic notch. The pubis also shows some angle 
changes, moving from a rigid square shape, to a more curved, less angled one. 
PC4 represents 4.9% of the variation, but does not show any differences.  
Analysis of the great apes individually to investigate females and males 
separately revealed differences in some of the species. The PCA graph of Gorilla 
gorilla, Figure 6, shows a clear separation of males and females, and moving 
across PC1 and PC2, there are certain angle changes. Males have a wider 
inferior ilium, a larger subpubic angle, and a square-shaped pubis. Females have 
a rectangular-shaped pubis, with a smaller subpubic angle and narrower ilium. 
Hylobates hoolock data produces a PCA graph with subtle differences, but there 
is not as clear of a separation of the sexes (Figure 7). Moving across PC1 from 
negative to positive, males have a wider ilium, smaller subpubic angle, and 
square-shaped pubis. Females, which are located in the upper left quadrant of 
the PC graph, demonstrate a slightly more rectangular-shaped pubis and slightly 
larger subpubic angle. Hylobates lar, Pongo pygmaeus, and Symphalangus 
syndactylus do not show a clear separation of males and females, and therefore, 
do not indicate any sexual dimorphism in the pelvis. 
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Principal Components Analysis of Great Apes and Humans   
Combining humans and the great apes in one graph, the humans were in 
the bottom right quadrant, separate from all of the great apes (Figure 12). The 
great apes are on the negative side of PC1, while the humans are on the positive 
end. The negative end of PC1 shows a square pubis, a large greater sciatic 
notch, a small acetabulum, a narrow ilium at the top and mid-ilium, and generally 
a long and narrow os coxa. On the positive end of PC1, where the human 
subjects are, there is a rectangular pubis, smaller greater sciatic notch angle, 
larger acetabulum, shorter and wider ilium, a prominent ischial spine, and a 
shorter and wider os coxa. Across PC2, there are a few differences, such as a 
square pubis and narrow inferior ilium. Figure 12 shows the larger ape species, 
such as the gorilla, at the positive end of PC2, and the smaller species at the 
bottom of PC2. Therefore, the changes across PC2 represent size differences 
among the species.  
Table 2: Female Homo sapiens Principal Component Analysis Percentages. 
Principal Component  Percent Variance Explained Cumulative Variance Explained 
PC1 21.8524625 21.8524625 
PC2 15.33238827 37.18485077 
PC3 11.58324842 48.76809919 
PC4 9.91849451 58.6865937 
PC5 7.877994535 66.56458823 
PC6 6.617476256 73.18206449 
PC7 5.722768711 78.9048332 
PC8 4.496365939 83.40119914 
PC9 4.177072563 87.5782717 
PC10 3.696425851 91.27469755 
PC11 2.418394671 93.69309222 
PC12 1.998897987 95.69199021 
PC13 1.561388835 97.25337905 
PC14 1.477296006 98.73067505 
PC15 1.269324936 100 
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Table 3: Male Homo sapiens Principal Component Analysis percentages. 
Principal Component Percent Variance 
Explained 
Cumulative Variance 
Explained 
PC1 16.55483191 16.55483191 
PC2 14.56722297 31.12205488 
PC3 13.31805387 44.44010875 
PC4 11.0944034 55.53451215 
PC5 8.020541394 63.55505354 
PC6 6.636126059 70.1911796 
PC7 4.837189132 75.02836873 
PC8 4.316994542 79.34536327 
PC9 3.740340422 83.0857037 
PC10 3.601494052 86.68719775 
PC11 2.693938862 89.38113661 
PC12 2.565527394 91.946664 
PC13 2.360012858 94.30667686 
PC14 1.732431871 96.03910873 
PC15 1.367828169 97.4069369 
PC16 1.111507261 98.51844416 
PC17 0.879837081 99.39828124 
PC18 0.601718743 100 
 
Table 4: All great ape Principal Component Analysis percentages. 
Principal Component Percent Variance 
Explained 
Cumulative Variance 
Explained 
PC1 54.03089413 54.03089413 
PC2 8.304575187 62.33546932 
PC3 7.627534612 69.96300393 
PC4 4.948547978 74.91155191 
PC5 3.790703677 78.70225559 
PC6 2.681796357 81.38405195 
PC7 2.261381038 83.64543298 
PC8 1.826891345 85.47232433 
PC9 1.524347459 86.99667179 
PC10 1.359210637 88.35588242 
PC11 1.173077142 89.52895957 
PC12 1.044959234 90.5739188 
PC13 0.890509052 91.46442785 
PC14 0.828642995 92.29307085 
PC15 0.765500049 93.0585709 
PC16 0.747565091 93.80613599 
PC17 0.636037704 94.44217369 
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PC18 0.542683743 94.98485743 
PC19 0.478341762 95.4631992 
PC20 0.447399971 95.91059917 
PC21 0.372376136 96.2829753 
PC22 0.346982333 96.62995764 
PC23 0.317486322 96.94744396 
PC24 0.279210166 97.22665412 
PC25 0.247982738 97.47463686 
PC26 0.229957699 97.70459456 
PC27 0.22000673 97.92460129 
PC28 0.197897071 98.12249836 
PC29 0.169101428 98.29159979 
PC30 0.160343313 98.4519431 
PC31 0.151124303 98.60306741 
PC32 0.130582801 98.73365021 
PC33 0.122035389 98.8556856 
PC34 0.111309587 98.96699518 
PC35 9.90E-02 99.06597111 
PC36 9.30E-02 99.15901434 
PC37 0.085130717 99.24414506 
PC38 7.51E-02 99.3192723 
PC39 6.91E-02 99.388328 
PC40 6.29E-02 99.45124886 
PC41 5.39E-02 99.50512803 
PC42 5.24E-02 99.55748435 
PC43 5.07E-02 99.60818644 
PC44 4.37E-02 99.65193243 
PC45 4.07E-02 99.69262336 
PC46 3.45E-02 99.72707347 
PC47 0.031633148 99.75870661 
PC48  2.96E-02 99.78828927 
PC49 2.67E-02 99.81494977 
PC50 2.41E-02 99.83904492 
PC51 2.11E-02 99.86018278 
PC52 2.00E-02 99.8801628 
PC53 1.88E-02 99.89895697 
PC54 0.015195207 99.91415218 
PC55 1.44E-02 99.92854203 
PC56 1.21E-02 99.94064078 
PC57 1.06E-02 99.95128077 
PC58 1.01E-02 99.96141407 
PC59 7.92E-03 99.96933082 
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PC60 7.45E-03 99.97678435 
PC61 6.41E-03 99.98319466 
PC62 4.87E-03 99.98806208 
PC63 3.51E-03 99.99157702 
PC64 2.73E-03 99.9943094 
PC65 2.56E-03 99.99687288 
PC66 2.08E-03 99.99895326 
PC67 6.01E-04 99.99955401 
PC68 4.46E-04 100 
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DISCUSSION 
 This study aims to examine human and ape os coxae using 3D geometric 
morphometrics (GM) to determine if patterns of sexual dimorphism relate to 
obstetrical and/or biomechanical requirements. It was hypothesized that any 
differences that make the pelvic canal larger in females will be related to 
obstetrics. As stated earlier in the introduction, human females give birth to large 
neonates, as compared to those of the great apes. The mechanism of giving birth 
in females is also different, with rotation and positioning of the fetus being critical. 
In regards to biomechanics, literature shows that females have wider hips, 
resulting in a greater knee joint valgus compared to men. These differences 
result in a greater chance of knee injuries, prompting the question of what other 
dimorphisms may be present in the pelvis. Results showed that human pelvic 
shape dimorphism is related to the obstetrical requirements of birthing a large 
fetus, and only slightly in biomechanics. Most of the shape differences seen were 
responsible for making the birth canal larger for childbirth, therefore, sexual 
dimorphism was related to obstetrics instead of locomotor biomechanics. Results 
also showed that some of the great apes, such as the gorilla, exhibit sexual 
dimorphism, possibly related to obstetrics as well.   
 The results of the human data confirm previous studies that there is 
sexual dimorphism in the human pelvis. A larger subpubic angle, wider greater 
sciatic notch, and elongated pubic symphysis are some of the differences noted 
in this study’s data that correlate with previous studies. Each of these differences 
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makes the pelvic canal larger, which would aid in the birthing process. 
Specifically, the greater sciatic notch has a large posterior component in females, 
which helps to position the sacrum back and push it out of the way of the birth 
canal (Barbera, 2009). This dimorphism increases the anteroposterior 
dimensions of the midpelvis and outlet.  
 In addition to the differences noted above, another difference between 
human females and males was a small ischial spine in females. This feature 
protruded into the pelvic canal in both sexes, but more so in males. Having the 
ischial spine protrude into the birth canal presents an issue for parturition 
(Abitbol, 2005). Large ischial spines that obstruct the pelvic canal make it more 
difficult for the neonate to pass through, so therefore this feature is less favorable 
for obstetrical concerns. The finding that these spines protrude much less in 
females as compared to males in this sample suggests that this size difference is 
important for birthing. The relatively smaller spine in females as compared to 
males keeps the pelvic canal open and unrestricted for birth.  
 The sexual dimorphisms that increase the size of the bony birth canal are 
necessary for humans because of the large infants to which they give birth. The 
size of the subpubic angle, greater sciatic notch, and other features all increase 
the canal, keeping it wide enough for the birth of a large neonate. Although 
humans need a relatively large pelvic canal for birth, great apes do not. Great 
apes have much smaller babies relative to their size and do not require such a 
wide birth canal (Hager 1996). Some studies have even shown that male gorillas 
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have larger os coxae than females (Stewart, 1977). Our results, however, show 
shape differences in male and female gorilla and Hylobates hoolock os coxa, 
which raises the question of why there are differences if they are not needed for 
birthing. There may be differences in gorilla and Hylobates hoolock os coxa 
related to sexual selection. Males may have dimorphisms for competition and 
finding mates. Some studies have even showed that some female non-human 
primates, such as the gorilla, have ischium and ischial tuberosity differences 
related to sexual selection (Rose 2005). This study shows that ischial callosities, 
specialized skin and subdermal tissue cushions, are bound to the ischial 
tuberosity and are used for a few different reasons. One purpose is that these 
ischial cushions swell to show fertility and attraction in females (Barelli, 
Heistermann, Boesch, Reichard, 2004). Having these ischial callosities results in 
sexual dimorphism. Females with these adaptations have broader ischial 
tuberosities, and other differences. Although not widely studied yet, this may be 
one of many reasons why our results showed a difference in male and female 
gorilla and Hylobates hoolock os coxa.  
 
Great Ape and Human Comparisons  
A comparison of the principal components results reveals a clear 
distinction between the humans and apes (Figure 9). The humans are isolated in 
a cluster far from any of the ape species. This shows that humans are quite 
different from the great apes, but exhibit sexual dimorphisms, as the gorillas do.  
	   	  
	  
25 
Although the humans and great ape pelves are very different in shape, 
some great apes do demonstrate sexual dimorphisms. Figure 2 shows the 
principal component graph of Gorilla gorilla, which demonstrates that there is a 
separation between males and females. Females have a smaller subpubic angle, 
a wider inferior ilium, and a rectangular, elongated pubis, while males have a 
square-shaped one. Hylobates hoolock and Pan troglodytes showed minimal 
differences, and Hylobates lar, Pongo, and Symphalangus showed none. A 
similar study looking at sex differences in the pelves of primates (Schultz, 1949) 
showed findings that are complemented by the data presented in the current 
study. Schultz concludes that Pongo and Gorilla have sexual dimorphisms that 
are hypothesized to aid in birth of their neonates; conversely, Hylobates lar and 
Pan have very small differences between the sexes, which is also consistent with 
our results. Schultz (1949) also demonstrated that pubis length is longer in 
females of species that have body weights more than half that of males, except 
for chimpanzees. Gorilla and Hylobates hoolock females have elongated, 
rectangular-shaped pubis bones compared to shorter, square-shaped ones in 
males, complementing other studies. Further examination of the pelves of non-
human primates that give birth to larger neonates may provide insight into 
whether the primate pelvis has similar obstetrical pressure as in humans. If 
primates that have larger infants do have sexual dimorphisms related to 
increasing the size of the birth canal, then they too have obstetrical pressures, as 
do humans.  
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Sexual Dimorphism Implications for Biomechanics 
 Females are twice as likely as males to obtain a running injury, such as 
patellofemoral pain syndrome, or other injuries, than males (Taunton, et. al, 
2002). It is known that females have greater hip internal rotation and adduction, 
which can be attributed to their wider hips (Chumanov, 2008). Our 3D GM results 
found differences between male and female pelves, but all were responsible for 
making the pelvic canal wider, making them functional for birthing. In order for 
differences in pelvic size and shape to be related to locomotor biomechanics, 
angle differences, such as the angle of the os coxa itself, and changes in the 
shape of structures located above the pelvic canal, would have to be observed. 
Different pelvic angles would widen, narrow, or elongate the os coxa, affecting 
the length and angle of the leg and knee. Those factors combined affect the 
locomotion of a species. Since females have wider hips, it is possible that their 
ilia are wider, creating the wider hips. Additionally, as stated in the introduction, 
studies have shown that females have greater hip flexion and less knee 
extension before initial contact and greater knee flexion pre-swinging of the legs 
when walking (Kerrigan 1998). This biomechanical chain results in a greater 
valgus angle, putting more pressure on the knees when walking or running and 
thereby, creating a higher chance of injury.  
An assumption of our study is that morphological differences above the 
birth canal should not be related to obstetrics, as the portion of the pelvis does 
not play a significant morphological role in childbirth. Our results demonstrate 
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that the female ilium, part of the false pelvis, is wider than it is in males. The false 
pelvis is not involved in birthing; therefore, the wider ilium likely serves a different 
function, possibly one related to locomotor biomechanics. More landmarks and 
data would have to be obtained to assess whether or not sexual dimorphism is 
related to the biomechanics of walking and running.  
 
Conclusion and Further Studies 
 This study aimed to examine human and ape os coxae using 3D 
geometric morphometrics (GM) to see if sexual dimorphism is related to 
obstetrics or the biomechanics of walking and running. Instead of using linear 
analysis like most studies, 3D geometric morphometrics were used to look at the 
all aspects of the pelvis together. Human results were consistent with previous 
literature, with females having adaptations of their pelvis to widen their pelvic 
canal. These dimorphisms were involved in obstetrics because they open the 
canal for the birth of a newborn, and none seemed to be related to biomechanics, 
other than females having wider hips. The great apes were not very similar to 
humans, but they exhibited sexual dimorphism in some species, such as Gorilla. 
In future studies, primates that have larger neonates could be studied to see if 
they have patterns of sexual dimorphism for obstetrical reasons.  
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Figure 2:  Homo sapiens female principal component graph. Principal 
component 1 accounts for 21.8% and principal component two 15.3% of the 
variation of the sample 
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Figure 3: Homo sapiens male principal component graph. Principal 
component 1 accounts for 16.6% and principal component two 14.6% of the 
variation of the sample 	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Figure 4: Homo sapiens principal component graph including males and 
females. Principal component 1 accounts for 18% and principal component 
two 12% of the variation of the sample 
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Figure 5: Principal component graph of all great apes, including principal 
component 1 (x-axis) and principal component 2 (y-axis). 	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Figure 6: Gorilla gorilla principal component 1 and 2 graph. Principal 
component 1 accounts for 21% and principal component 2 for 17% of the 
variation of the sample.  
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Figure 7: Hylobates hoolock principal component graph. Principal 
component 1 accounts for 28% and principal component two 19% of the 
variation of the sample 
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Figure 8: Hylobates lar principal component graph. Principal component 1 
accounts for 31% and principal component two 13% of the variation of the 
sample 	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Figure 9: Pan troglodytes principal component graph. Principal component 
1 accounts for 31% and principal component two 13% of the variation of 
the sample. 	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Figure 10: Pongo pygmaeus principal component graph. Principal 
component 1 accounts for 35% and principal component two 17% of the 
variation of the sample 	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Figure 11: Symphalangus syndactylus principal component graph. 
Principal component 1 accounts for 24% and principal component two 22% 
of the variation of the sample 	  
	  	  	  
  
	   	  
	  
38 
Figure 12: Homo sapiens and great ape principal component graph. 
Principal component 1 accounts for 69% and principal component two 14% 
of the variation of the sample 
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